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Abstract 


During an experimental program conducted in 1965 by the Boundary Layer 
Branch at AFCRL, data were collected in three continuous operations, each last- 
ing approximately 12 hours. The data consist primarily of vertical profiles of 
wind, temperature and Richardson numbers in 15-min blocks covering periods 


from early evening to early morning. 
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Preface 


During the summer of 1965, the Boundary Layer Branch (Meteorology Labora- 
tory) at the Air Force Cambridge Research Laboratories conducted an experiznen- 
tal field program in micrometeorology. This program, nicknamed Project Windy 
Acres, was conducted in southwest Kansas at a site about 35 miles from the town 
of Liberal. Two years of intense preparation preceded these experiments; the 
preparation included search and selection of a suitable site, design and fabrication 
of a mobile computer-controlled system for fast sampling, recording and process- 
ing of outputs from various sensors, and development of many of the sensors used 
in the experiments. 

The primary objective of Project Windy Acres was to obtain wind and tempera- 
ture profiles in the first 32 m of the atmosphere as well as precise measurements 
of turbulent fluctuations in the wind with two newly developed three-component 
sonic anemometers, measurements which will be discussed in future publications. 

The members of the Boundary Layer Branch who participated in Project Windy 
Acres are listed below: 


Brown, Henry A. Izumi, Yutaka Newman, Jim T. 

Dwyer, Joan Kaimal, J. Chandran = Stevens, Major Donald W. 

Haugen, Duane A. Taylor, 14. Colonel John H. 
Other members of the Meteorology Laboratory who contributed to this program 


are: 
Barad, Morton L. Elliott, William P. McLeod, Donald W, 


Wind and Temperature Profiles 
from Project Windy Acres 


1. INTRODUCTION 


During the summer of 1965, members of the Boundary Layer Branch initiated 
a new experimental program, "Project Windy Acres", to investigate turbulent 
transfer processes in the lower atmosphere. The experiments were conducted in 
southwestern Kansas where the terrain approximates an ideal flat plein. The in- 
strumentation ranged from conventional cup anemometers to newly designed three- 
component sonic anemometers. Data handling, processing and recording were 
accomplished by means of a computer controlled data-acquisition system (Kaimal, 
Haugen and Newman, 1966) housed in a mobile van. This system, called the MMOS 
(Mobile Micrometeorological Observation System), handled data frorm all sensors 
in the field. Internal calibrations and checks incorporated in the system allowed 
continuous, unattended operation of the system for long experimente. 

As part of the experiments in 1965, profile deta were collected from three 
continuous operations, each lasting approximately 12 hours. This report presente 
the processed results from these three operations. Much of the data were obtained 
during the night when thermal stratification was stable. Since data for stable con- 
ditions are not plentiful in meteorological literature, it is hoped that these will 
prove useful for studies of wind and temperature profiles. Brief descriptiona of 
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the site, the instrumentation, and the data editing procedures, are provided in the 
following sections. 


2.' DESCRIPTION OF THE SITE 


The site selected for the experiments is a square mile of extremely flat land. 
Portions of the plot are being used by AFCRL under a long-term lease agreement 
with the owners. The installations at the site include a main station at the center 
and four remote stations as shown in Figure 1. Since the prevailing wind direction 
is southerly during the summer, the booms and instruments on the tower are ori- 
ented for a southerly exposure. Under the present agreement, normal farming 
operations are continued throughout the year. The southern and northern halves of 
the plot are alternately planted with wheat from year to year. Hence during the 
summer, when experiments are generally conducted, the half which was planted 
will be covered with wheat stubble, 6- to 8-inches high, while the other half will 
be fallow and therefore barren. During our experiments in 1965, the southern half 
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Figure 1. Plot Plan of the Experiment Site 


of the plot had wheat stubble. Runs were made only when the wind direction was 
between WSW and ESE, so that the fetch for the main station {see Figure 1) was at 
least half a mile of wheat stubble. The immediate area around the tower, avout 
20 ft diameter, was barren due to trenching for underground conduits, Views of 
the exposure looking south and north are shown in Figures 2 and 3. 

The main station has a 32-m tower at the center of the square-mile plot, 
Sensor cables from the tern.inal boards at different tower levels and the remote 
sites, are brought underground to a housekeeping trailer parked abcut 50 m east 
of the tower. The housekeeping trailer serves the dual function of storage space 
for the cable ends, as well as living area for project personnel, The MMC*. van 
is installed next to the housekeeping traiier as shown in Figure 1. The sensor 
cables are connected to appropriate input terminals of the data-acquisition system. 
Power for operating the site is brough: in through underground cables from the NE 
corner of the plot. Figure 4 shows a photograph of the main station with its tower, 
trailer and van, 

For our experiment, the tower a’ ‘he main station was instrumented at levels 
0.25, 0.5, 1.0, 2.0, 4.0, 5.66, 8.0, 16.0, 2%.63 and 32m. Levels 5. 66 and 
22.63 m (the geometric means between 4 and 8 m and between 16 and 32 m, re- 
spectively) were assigned to fast-response sensors not used during the runs pre- 
sented in this report. 

The remote stations, W, E, NW and NE (see Figure 1), each measured wind 
speed, wind direction and ambient temperature at a height of 2m. It should be 
noted that when the wind direction deviated from true south, either the W or the E 
remote station had a shorter fetch of wheat stubble. 


3. HIND SPEED AND TEMPERATURE SES ORS 


The wind sensor used for obtaining wind-speed and wind-direction data was a 
new type developed for the Boundary Layer Branch by Control Equipment Corpora- 
tion. Light weight cups and direction vanes drive coaxial shafts; the cups drive 
the inner shaft, and the vane drives the outer shaft. The shafts turn magnetic 
coded discs which produce electric responses in cores as they rotate past them. 
Each rotation of the speed disc generates 360 output pulaes. These pulees are 
counted to obtain wind speed, and are also used to determine wind direction. For 
the wind direction, pulses are counted during the time required for a epecial mag- 
netic spot on the speed disc to rotate from a fixed core on the shell to a core at- 
tached to the direction shaft. The resolution of the direction measurement is t 0.5 
deg. The rate at which direction is sampied varies directly with the cup rotation, 
and is therefore a function of wind speed. Both speed and direction counts are 


Figure 2. Vie. trom Main Tower Faciny South, 
Showing Wheat stubble to a Distance of 0.5 Mile 


Figure 3. View from Main Tower Facing North, 
Showing Land Under Fallow 


Figure 4. The Main Station with its 32-m Tower, 
Housekeeping Trailer and MMOS Van 


converted to analog voltages before being applied to inputs of the data-acquisition 
system. 

One of the anemometers waa calibrated in the low-speed wind tunnel at the 
National Bureau of Standards. It showed a starting speed of approximately 40 cm 
sec}, and a highly linear relationship between wind speed and pulse count. The 
distance constant for wind speed is approximately 2 m per revolution. All cther 
anemometers were compared against the calibrated "standard" under a wide range 
of wind speeds a‘ the field site in Kansas. In all cases, agreement is within + 5 
cm sec! for 10-min mean samples. 

Temperature gradients were measured with a high resolution system using 
shielded and aspirated platinum-resistance elements (Stevens, 1967). The sensors 
were dusl-wound, glass-encapsuled elements ina bridge circuit. The two wind- 
ings in each glass tube were used in diagonal arms of the bridge to improve output 
sensitivity and linearity. The potential accuracy of t-e system is + 0.01 C fer 
‘ernperature difference and + 0.05 C for tempezature measurements. The wiring 
design (since modified) for Project Windy Acres was not fully compensated for 
temperature effects in the cable, and this resulted in a slight degradation in ac- 
curacy. For the temperature difference measurement, the maximum degradation 
is estimated to be approximately + 3 percent of the observed temperature differ- 
ence. In the temperature measurement, it is less than + 0.3 C. 

The accuracy in the data-acquisition system is higher than the individual ac- 
curacy of any of the sensors. The system maintains an accuracy better than 0, } 
percent of full scale which, translated into meteoroiogical units, corresponds to 
3.5 cm sec”! for wind speed, 0.36 deg for wine direction, 0.01 C for temperature 
difference and 0.05 C for temperature. 

Photographs of a wind sensor and temperature sensor are shown in Figures 5 
and 6. The close-up view of the tower in Figure 7 shows the relative orientation 
of the instrument bocms during operation. {The two sonic anemometers at 5, 66 
and 22,63 m were not operated during the periods covered in this report. ) 


4. DATA EDITING AND PRESENTATION OF RESULTS 


The collected data reprerent 15-min averages of simultaneous (within 0, 05 
sec) scans of all sensors once per second, Runs are numbered as 1, 2, 3, 4, 5 
and 6 and the letters following the run numbers denote successive 15-min periods, 
The letters "I" and "O" are not used to avoid confusion with the numbers "one" and 
"zero.'' Run numbers change at midnight from 1 to 2, 3 to4and 5 to 6, The time 
shown at the top of each listing is the time at the end of that particular 15-min 
period. The runs and their date-time information ure listed in Table 1, 


Figure 5. Wind Speed and Direction Sensor 


Figure 6. 


Temperature Sensor in Aspirated Shield 


Figure 7. Close-up of 32-m Tower Showing the Cup Anemometers, 
Temperature Shields and Sonic Anemometers 


Table i. Runs for Which Data are Presented 


12/13 Aug 1965 
13 Aug 1965 
13 Aug 1965 
14 Aug 1965 
14/15 Aug 1965 
15 Aug 1965 
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Some of the measurements made in the field are not listed in this report. 
Data from the remote stations are not shown since they were intended primarily 
for checking the horizontal homogeneity of the site. Not all remote measurements 
were useful for this purpose. The NW and NE stations had different fetch; also, 
the remote direction vanes had orientation offsets. The wind speed and tempera- 
ture readings at the W and E stations on the average agreed with the main station 
readings, within the accuracy of the sensors. 

The temperature differences (AT) are converted to approximate potential 
temperature differences (40) through the relationship 


40 = 4T + TAZ 


where I" is the adiabatic lapse rate and SZ is the appropriate height difference. 

The potential temperature profiles were obtained by algebraically adding the 
derived 4@ values to the observed ambient temperature at 2m. Values thus ob- 
tained are not strictly potential temperature, but they are adequate for showing 
progressive changes in the profile. 

It should be noted here that a fixed correction of -0. 04 C has been applied to 
the 46 value between 1.0 and 2.0 m. Before this correction was made, a constant 
offset of 0.04 C was observed in all the potential temperature profiles as though 
a zero shift had occurred in the sensor. The correction smoothed the potential 
temperature as well as the Richardson number profiles, for all the 15-min periods. 

Richardson numbers were computed using the logarithmic interpolation formula 
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and Z, and Zo are the heights of the bottom and top of the layer under considera- 
tion. Table 2 shows the layers for which Richardson numbers were computed, 
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Table 2, Heights of Bottom, Top and Geometrical Mean of Layers 
for Which Richardson Numbers were Computed 


Tabulated data for all the runs listed in Table 1 are presented in Tabie 3. A 
separate page is devoted to every 15-min period. The first half of each page lists 
data for wind speeds, wind directions and temperatures, consisting of values of 
the mean, standard deviation (denoted by 'sigma'), skewness and kurtosis. Tiie 
second half lists wind speed gradients, potential temperature gradients, potential 
ternperatures and Richardson numbers. 

Units are indicated for each parameter except for skewness and kurtosis which 
are in hundredths; that is, skewness of -48 = -0.48, and kurtosis of 296 = 2, 96. 

Missing data are indicated by dashed linea. In editing the data, it was found 
that a timing error in the system program occasionally affected skewneas and 
kurtosis computations. These skewness and kurtoeis values were eliminated in 
the editing process. Richardson numbers are shown missing during a few light 
wind conditions when the wind speeds were too low to obtain reliable values. 


5. DISCUSSION OF DATA 


All the dats presented in Table 3 have been plotted and examined for possible 
discrepancies. In general, the profiles appear to be very good. Typical plots for 
stable, neutral and unstable lapse rates are shown in Figures 8, 9 and 10, 
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Figure 8. Typical Profiles for Stable Lapse Rate 
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Figure 9. Typical Profile for Neutral Lapse Rate 
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Figure 10. Typical Profile for Unstable Lapse Rate 


Departures from expected behavior have been observed in some of the wind 
profiles. One in particular is the overestimate in the 0.25-m wind speed under 
unstable conditions (see Figure 10). This departure at 0.25 m must be partly due 
to the effect of the relatively bare ground 15 to 20 ft around the tower at the main 
station. It is also found that under unstable conditions and wind speeds above 5 m 
sec”! (for example, Runs 4JJ to 4LL), the 4.0-m level reads about 1 percent too 
low. The reason for this is not known. 

Under stable conditions, the wind speed at 0.25 m shows an underestimate 
when the mean wind speed at that level dropped below 1m sec. , Examples of 
this are found in Runs 4P to 4EE, and Runs 6A to 6R. The underestimate is at- 
tributed to a slightly higher starting-speed for the anemometer at 0.25 m. The 
erratic wind profiles in Runs 4X to 4DD correspond to very low wind speeds at all 
levels below 4 m. 

The potential temperature profiles appear smooth under all stability condi- 
tions;.the Richardson number profiles are reasonably smooth and show appreciable 
kinks only when wind speeds are too low to be reliable, 

The roughness length Z for these data is determined from the expression 
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where U, = wind speed at height Z 


u* = friction velocity 
k = von Karman's constant. 


Considering the four levels, Z = 0.5, 1.0, 2.0, and 4.0 m. 
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The ratio on the left is plotted in Figure 11 as # function of stability ratio, S.R. 


where 
6, -8 
S.R. = 4 na : 
(U,) 


From Figure 11, the velocity tatio appears to be approximately 0. 142 at S.R. = 0. 
This corresponds to a 2 of 1,07 cm. 
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Figure 11, Wind Speed Ratio Plotted ae a Function of Stability Ratio 
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